Growing interest in industrial loss of hearing has emphasized the need for reliable noise criteria for use in noise control and hearing conservation programs for industrial work... ers. While many hearing loss studies have been reported in the scientific literature, there, heretofore, has been no single source of data relating degree of hearing loss to noise exposure levels. The following GUIDELINES have been developed with the objective of supplying such a source, along with certain basic information for ,establishing hearing conservation programs. It is believed that these Guidelines will aid industrial management in 'T'ecognizing the need for, and in establishing noise control programs.
I. Foreword
Noise has long been recognized as one of several causes of deafness. Exposure to high noise levels may cause temporary or permanent changes in hearing threshold level. Permanent hearing loss which impairs communication by speech is a handicap or impairment. Competent medical specialists have defined impairment as average hearing threshold level in excess of 15 db at 500, 1000, and 2000 CpS.l,2 This definition is accepted for this document.
Noise induced hearing loss increases with both the intensity of the noise and the duration of exposure. Generally, many years of exposure to high noise levels are required to produce significant permanent impairment in the exposed group; however, there will be marked differences in the hearing of individuals and in their response to noise. A portion or all of a hearing impairment may be due to causes other than noise exposure. These Guidelines will be directed toward the prevention of that portion of the permanent hearing loss resulting from exposure to steady noise.
II. Objective
To provide practical guidelines for evaluating the hazard from noise exposures and for minimizing the development or aggravation of permanent hearing impairment resulting from prolonged exposure.
III. Occupational Hearing Loss Control Program
The following procedures are necessary to accomplish the objective.
A. Evaluation of the Noise Hazard
The hazard to hearing produced by a given noise exposure depends on the intensity and frequency distribution of the noise and on the duration of the exposure. Each of these factors must be considered in determining which exposures are hazardous.
Noise Measurement
Continuous or intermittent steady noise is readily measured by standard instruments; impulsive noise requires special procedures not considered here. 3 Table 1 and Fig.  1. ) . If the A -scale reading is well above or well below the selected critical level for noise control, the exposure rating based on this measure may be used without validation. Where A-scale readings lie within 3 or 4 decibels of such a level, the exposure rating should be verified by octave band methods. Noise levels measured at a wide variety of industrial operations have been published" and these may serve temporarily as useful guides in the absence of noise surveys.
(2) Duration and Time Pattern: The total time of the noise exposure and the distribution of exposure periods throughout the working day should be determined by estimation or measurement.
Hazard Rating a Continuous Exposure
Several criteria for acceptable noise exposure have been proposed. The differences between these criteria result primarily from different definitions for acceptable incidence of hearing impairment. Table 1 and Fig. 1 have been prepared from a number of controlled studies which correlate noise exposure with incidence 
Or-
With exposure to 95 dbA (88 db average octave bands 300-2400 cps) until age 50-59 the number of persons with impairment is increased by 16 percentage points (16 more persons per 100 exposed). In other words, after occupational exposure to 95 dbA during their working lives, 64% of persons in the sixth decade will have no hearing impairment and 20% would have some impairment from presbycusis alone, irrespective of occupational noise exposure. Therefore, 84% will probably be little affected by a lifetime occupational exposure to 95 dbA. b Intermittent and Part-time Exposure
The studies on which Table 1 and Fig. 1 are based, dealt with men exposed to noise during a normal workday, of 8 hours duration. There are no long-term studies available of the extent to which the risk of permanent hearing impairment may be reduced by shortening the daily duration of exposure, or by interrupting the exposure periodically. The only possible guidance comes from studies based on the population with no occupational exposure. This difference is probably about the same as the limits of precision of the data.
- of hearing impairment. The first two columns of Table 1 indicate the steady noise levels to which the various groups were exposed in terms of the A-scale reading and the corresponding average level for the octave bands between 300 and 2400 cps. In order to complete these two columns, some adjustment of data to convert it from the available form to the desired form was necessary. For example, noise data from sources 13, 14, and 16 were limited to octave band levels in the 600 to 4800 cps range to that for the desired 300-2400 cps range. This correction was determined to be the most probable difference of seven decibels between known A-scale and average octave band levels of the last three lines of Table 1 was used in estimating unknown values where indicated. The remaining columns of Table 1 show, for various age groups, the fraction of the groups in percent having impaired hearing. The first line of the table shows the incidence of hearing impairment in a population having no exposure to injurious noise and no other explanation for observed hearing impairments. It is presumed that at least this minimal incidence of impairment will be found in any population and that the other groups may be regarded as exhibiting injurious effects of noise only if they show significantly higher rates of incidence. The information contained in Table 1 is presented graphically in Fig. 1 . The upper curve in Fig. 1 indicates that of 100 persons exposed to 85 dbA (78 db average octave bands 300-2400 cps), about 23 will have impaired hearing when they reach the age group of 50-59. This compares to about 20 persons out of 100 with no occupational noise exposure. This is an increase of 3 persons per 100 population for the noise exposed group, or three percentage points. Because of the wide scatter of the data, so small a difference between groups cannot be attributed to differences in noise exposure with much certainty and, therefore, is not considered to be real or significant in the statistical sense.
In the population exposed to 92 dbA (85 db average octave bands 300-2400 cps) to age 50-59 the amount of impairment is increased 8 percentage points (eight more persons per 100 exposed) as compared to For example, exposure to 100 db for 15 minutes must be followed by at least 20 minutes in harmless noise. temporary threshold shifts (TTS) resulting from various types of noise exposure. Results of TTS studies are summarized in Fig. 2 which may be used to estimate the effect of intermittency of noise exposure on risk of hearing impairment. The information in Fig. 2 may be approximated by the simple rule that for each halving of daily exposure time, the noise levels may be increased by 5 db up to a maximum of 115 db average of the three octave bands 300-2400 cps (122 dbA) without increasing the hazard of hearing impairment.
The application of this role is illustrated in the following c Limitations The methods of exposure rating proposed above apply only to groups, not to individuals. They cannot be used to determine whether an individual has or has not suffered a hearing loss resulting from noise exposure; medical evaluation is required for such a determination.
B. Exposure Control Methods
Where noise exposure exceeds the critical level selected for control, measures should be taken:
(1) to reduce the environmental noise levels, (2) to reduce the duration of exposure, or (3) to protect the exposed personnel by reducing the noise entering the ear.
Noise Reduction
The most desirable exposure control method is to reduce noise to non-injurious levels both for the prevention of hearing loss and for other benefits which accrue. Application of known principles of noise control" usually can reduce any noise to any desired degree; however, economic considerations and/or operational necessities will often make the application impractical. Where practical methods of reducing noise to safe levels have been developed, they should be adopted.
Reduction of Exposure Time
Reduction of exposure time is seldom a practical method of reducing noise hazards in industry. Where the exposure can be limited and interspersed with recovery periods in noninjurious noise, Fig. 2 may be used as a guide.
Ear Protection
Where it is not feasible to reduce environmental noise to acceptable levels, ear protectors are commercially available which are capable of reducing noise entering the ears to acceptable levels for most noise exposures encountered in industry.w Plugs inserted into the ear canals must form an air-tight seal in order to obtain the full noise exclusion of which they are capable. In order to assure satisfactory protection, plugs should be fitted by a compe- Hearing acuity of persons likely to be exposed to excessive noise should be determined by pure tone audiometry. Audiometry should be conducted under medical supervision according to the conditions and procedures suggested below.
Facilities
To insure accurate audiograms, the facility must meet the following minimum standards: a Test Room Audiograms should be obtained only in environments which meet the requirements of the USASI for background noise.P b Audiometer
Audiometers should meet the specifications of the USASpz, and should be maintained in calibration in accordance with recognized procedures.
Personnel
Persons obtaining audiograms should be trained in air conduction audiometry either by formal course work at accredited educational institutions or by individual instruction provided by an audiologist or otologist. Audiom-American Association of Industrial Nurses Journal, May, 1968 etry should be conducted under medical supervision.
Audiograms
Preplacement audiograms should test hearing thresholds for both ears at frequencies of 500, 1000,2000,3000,4000 and 6000 cps. Subsequent audiograms utilizing the same frequencies should be obtained as deemed necessary by the supervising physician. The frequency of follow-up audiograms will generally be related to the type and intensity of the noise exposure.
IV. Review
This document will be reviewed at intervals not exceeding three years and reaffirmed or revised as indicated by the current state of knowledge.
